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GENERAL RESEARCH VTOL-STOL MODEL IN GROUND EFFECT 
By Robert J. Huston and Matthew M. Winston 

SUMMARY 


The model was tested at two different elevations with the wing 
pivot at 1.008 and 2.425 propeller diameters above the ground. The 
slipstream of the propellers was deflected by tilting the wing and pro- 
pellers, by deflections of large-chord trailing-edge flaps, and by com- 
binations of flap deflection and wing tilt. Tests were conducted over 
a range of propeller disk loadings from 7» 1 +1 to 29.70 pounds per square 
foot. Force data for the complete model and pressure distributions for 
the wing and flaps behind one propeller were recorded and are presented 
in tabular form without analysis. 


INTRODUCTION 


Extensive use of the helicopter has proven the utility of aircraft 
that are capable of operating without runways. The possible advantages 
of an airplane which combines both the vertical take-off capabilities 
of the helicopter and the high cruising speed of conventional airplanes 
are readily apparent. One possible means of achieving these advantages 
could be with a tilting wing and propeller or by a combination of flap 
deflection and wing tilt. 

Extensive model investigations (for example, see refs. 1 to 5 ) have 
been made of various configurations designed for vertical take-off and 
landings (VTOL) or for short take-off and landing (STOL) . (For a more 
complete bibliography, see ref. 6 .) The model sizes used in the earlier 
work have prevented obtaining more detailed information on the distri- 
bution of aerodynamic loading over the wing and flaps. In addition, the 
extent to which the model scale might affect the thrust recovery and 
slipstream turning angles measured was not known. In an effort to pro- 
vide information of this type, it was decided to test a large-scale 
general-research VTOL-STOL model. 

The present investigation covers the static- thrust characteristics 

of the model as obtained from tests conducted outdoors at two different 
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elevations (wing pivot at 1.008 and 2.425 propeller diameters above the 
ground). The propeller slipstream was deflected by tilting the wing and 
propeller, by deflecting large-chord trailing-edge flaps, and by using 
combinations of flap deflection and wing tilt. Performance data were 
obtained over a range of propeller disk loadings. Pressure distributions 
were measured over a portion of the wing in order to define the distri- 
bution of load on the wing and flaps behind one of the propellers. 


SYMBOLS 


The positive sense of forces, moments, and angles are indicated in 
figure 1. 


b 

D 

h 

R 

r 

n 


L 

My 

T 


p 

Pa 


propeller blade chord, ft 
propeller diameter, ft 
propeller blade thickness, ft 
propeller radius, ft 

radius of any propeller blade section, ft 
rotational speed, rpm 
chord, ft 

resultant force, lb 

net longitudinal force (thrust minas drag), lb 
lift, lb 

pitching moment, ft- lb 

propeller thrust, total (longitudinal force with wing and 
flaps undeflected), lb 

distance from ground to wing pivot, ft 

differential pressure, p - P a 

local static pressure 
atmospheric pressure 
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q g slipstream dynamic pressure, 

a angle of attack, inclination 

plane, deg 

bp flap deflection, deg 

0 turning angle, inclination of resultant force vector from 

wing-chord plane 


JT 

6*R 2 

of wing chord above horizontal 


Subscripts : 

55 55-P e ^cent- chord flap 

30 30-percent- chord flap 


APPARATUS AND TESTS 


A sketch of the model used in these tests is shown in figure 2, and 
photographs of the model are shown in figures 3* 4, an< ^ 5* The airfoil 
coordinates are given in table I. The geometric characteristics of the 
model are as follows: 


Propeller : 

Diameter, ft . 5»0 

Solidity (thrust basis) 0.1935 

Airfoil section NACA 64-0XX 

Wing: 

Span, ft 35*0 

Chord, ft 4.375 

Area, sq ft 153.125 

Airfoil section NACA 63^215 

Pivot, percent c . . 35 

Flaps: 

Span, each wing, ft 15.458 

Chord, projection of both, percent c 55 

Chord, projection of rear, percent c 30 
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Vertical stabilizer : 

Span, ft 6.0 

Chord, ft 3.5 

Area, sq ft . . . 21.0 

Airfoil section . MCA 0012 

Horizontal stabilizer: 

Span, ft 16.0 

Chord, ft 3.0 

Area, sq ft 48.0 

Airfoil section MCA 0012 

Pivot, percent c 22.86 


The model is powered by a single 1,000- horsepower, water-cooled, 
electric motor located in the fuselage. Pover is transmitted to the 
propellers by means, of extension shafts and gear boxes. 

The four-bladed propellers have solid aluminum blades. Blade pitch 
is manually adjustable. Blade form curves are presented in figure 6. 

The direction of propeller rotation is indicated in figure 2. Rotational 
speed was measured with signals which were generated by steel vanes on 
the motor shaft rotating past a magnetic pickup. The output of this 
pickup was then read on an impulse counter. 

The two slotted flaps, 55- and 30-percent wing chord, were mounted 
on external brackets, as shown in figures 3 and 4. The contours of the 
flaps are shown in figure 7- The flaps were adjusted manually and were 
locked in place by pins inserted in the brackets. Flap deflection was 
measured prior to each run. 

The wing was pivoted at the 35-P er cent- chord station and could be 
rotated during the test to angles of attack between 0° and 90°. The 
all-movable horizontal stabilizer was mass-1: alanced about, and pivoted 
at, the 22 .9-percent-chord station. It was either locked at zero inci- 
dence or allowed to float freely, as desirec, for each test. Electrical 
position indicators measured the deflections of the wing and stabilizer. 

Four total-pressure tubes (see fig. 8) were installed on the sta- 
bilizer chord line and were equally spaced £ cross the right semispan. 

In order to obtain the average total pressure at the stabilizer, these 
tubes were manifolded to a single manometer tube. One static-pressure 
probe was installed at the center of the stebilizer semispan. 

The wing and flap behind the center prcpeller of the right-hand 
wing panel were fitted with static-pressure orifices. The chordwise 
and spanwise location of these orifices are given in figure 9« The 
pressures were indicated on a fluid manometer and photographically 
recorded. 
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The surfaces of the wing and flaps had several spanwise joints 
between wood and metal. It was extremely difficult to maintain a smooth 
surface over these joints under outdoor conditions where temperature and 
humidity vary greatly. It is felt, however, that the condition of the 
surfaces was at least as good as those found on production aircraft. 

The flaps which were fitted with static-pressure orifices were wrapped 
in fiber glass in order to maintain an accurate contour. 

The model was mounted on a balance composed of four load cells 
(figs. 10 and 11). The static weight of the model was supported by 
automotive-type coil springs in order that more sensitive load cells 
could be used to measure the aerodynamic loads. The load cells were 
calibrated in place and thus tares due to the supporting springs and 
the weight of the model were eliminated. Three vertically oriented load 
cells, two at the front model supports and one at the rear support, meas- 
ured lift. A single horizontal load cell at the rear support measured 
longitudinal force. Pitching moment was calculated from the differences 
in the restraining forces at the four load cells. 

In the low ground position (z/D = 1.008), the balance was attached 
directly to steel plates mounted on a concrete driveway. In the high 
position (z/D = 2.425), the balance and the steel plates were joined by 
a rigid pipe and channel structure 85. 125 inches high, as shown in fig- 
ures 4 and 5 . 

The tests were conducted outdoors in an unobstructed area at the 
Langley Research Center. The nearest structure was a power transformer, 
which was approximately 25 feet from the left wing tip. The next nearest 
structure was the Langley helicopter tower, which was approximately 
150 feet behind the model. During the early phases of the program, a 
serious problem of blade pitting developed from recirculation of dirt 
and sand from the ground areas under the wings and it was necessary to 
pave a large area beneath the wings of the model. 

Most of the data presented were obtained in random-direction winds 
of from 5 to 6 miles per hour. Approximately 10 percent of the data 
were obtained at wind speeds below 3 miles per hour. 

The electrical power input to the motor was measured throughout 
the test. Inasmuch as those measurements included large undetermined 
tares in the power transmission system, the data are not presented. 

There were no provisions for direct measurement of the thrust of 
the propellers. Therefore, all data were reduced by referring the meas- 
ured forces to a value of propeller thrust defined by the longitudinal 
force that was measured when both wing and flaps were undeflected and 
the model was in the high position (z/D = 2.425). Therefore the values 
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of thrust used in data reduction do not reflect the possible effects of 
flap deflection, angle of attack, ground effect, and the random winds 
previously discussed. For reference purposes, the values of thrust used 
in the data reduction, in terms of propeller disk loadings, are given 
as a function of propeller rotational spe^d ir the following table: 


n 

Propeller disk loading, lb/sq ft 

1,53) 

7.41 

2,085 

14.56 

2,680 

24.81 

2,915 

29.70 


A constant propeller blade pitch angle of 16.3° (at the three- 
quarter radius) was used throughout the test. The rotational speed of 
the propellers was held to within ±20 revolutions per minute of the 
desired speed. 

The accuracy of the data is believed to be as follows: 

Lift, lb ±50 

Longitudinal force, lb ±50 

All angles, deg ......... ±0.2 

The pitching moment is known to contain large errors due to the large 
moment arms between restraining load cells; consequently, the pitching- 
moment data given herein should be considered only as a qualitative 
indication of magnitude. 

Inasmuch as the dynamic pressure measured at the floating stabilizer 
was of the order of 5 percent of the propeller slipstream dynamic pres- 
sure, except for the case where the wing and flaps were undeflected, 
these data are not presented herein. 


PRESENTATION OF DATA 


The data are presented in tabular form without analysis. The force 
data obtained at z/D = 2.425 are given in table II. The force data 
obtained at z/D = 1.008 are given in table III. The pressure coeffi- 
cients measured on the wing and flaps at z/D = 2.425 are given in 
tables IV to XXII. The pressure coefficients measured on the wing and 
flaps at z/D = 1.008 are given in tables XXIII to XLIII. 
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A motion-picture film supplement to this paper has been prepared 
and is available on loan. A request card form and a description of the 
film will be found at the back of this paper, on the page immediately 
preceding the abstract and index pages. 


Langley Research Center, 

National Aeronautics and Space Administration, 
Langley Field, Va., March 17 , i 960 . 
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TABLE I.- KACA 65^215 AIRFOIL COORDINATES 


Stations and ordinates given in percent of airfoil chord 


>J 


Upper 

surface 

Lower 

surface 

Station 

Ordinate 

Static n 

Ordinate 

0 

0 ' 

0 

0 

.386 

1.254 

.614 

-1.142 

.623 

1.521 

.877 

-1.565 

1.105 

1.959 

1.595 

-1.717 

2.328 

2.784 

2.672 

-2.562 

4.804 

5-974 

5.190 

-5.252 

7-295 

4.863 

7.705 

-5.891 

9.794 

5.589 

10.200 

-4.597 

14.804 

6.720 

15.190 

-5.158 

19.822 

7.547 

20.178 

- 5.687 

2 k . 846 

8.140 

25.154 

-6.058 

29.873 

8.551 

50.12'' 

-6.255 

34.903 

8.719 

55.097 

-6.271 

39.953 

8.714 

40.067 

-6.156 

44.963 

8.529 

45.057 

-5.901 

49.992 

8.188 

50.005 

-5.528 

55.018 

7.715 

54.982 

-5.061 

60.041 

7.122 

59.95? 

-4.518 

65.061 

6.428 

64.95? 

-5.918 

70.077 

5.650 

69.925 

-5.284 

75.090 

4.810 

74.910 

-2.650 

80.108 

5.924 

79.89? 

-2.054 

85.105 

2.971 

84.895 

-1.529 

90.074 

2.000 

89.926 

-1.020 

95.038 

1.016 

94.962 

-.526 

100.00 

0 

100.00 

0 

Leading-edge 

radius: 1.630 



Slope of radius through leading edge: 0.095 
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f,55 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


19.8 

19.8 

19.8 

19.8 

19.8 

19.8 


19.8 

19.8 

19.8 

19.8 

19.8 

19.8 


19.8 

19.8 

19.8 

19.8 

19.8 

19.8 


19.8 

19.8 

19.8 

19.8 

19.8 

19.8 

19.8 

19.8 

19.8 

19.8 

19.8 

19.8 


TABLE III.- FORCE MEASUREMENTS AT z/D = 1.0C3 - Continued 


8f,30 

n 

a 

L 

T 

F x 

T 

F 

T 

6 f a 

Stabilizer 

locked 

My 

TD 

Stabilizer 

free 

My 

TD 

38.6 

1,310 

0 

0.230 

0.941 

0.969 

35.8 

-0.148 


38.6 

2,083 

0 

.223 

• 951 

.977 

33.2 

-.163 


38.6 

2,915 

0 

.247 

.927 

.960 

} 4.9 

-.155 


38.6 

1,510 

0 

.293 

.938 

.983 

37-3 


-0.239 

38.6 

2,085 

0 

.263 

.936 

• 973 

35.7 


-.246 

38.6 

2,915 

0 

.253 

.926 

.960 

35.3 


-.241 

38.6 

1,510 

74. 0 

1.113 

.024 

1.113 

88.8 

-.035 


38.6 

2,085 

74.0 

1.145 

0 

1.145 

80.0 

-.076 


38.6 

2,915 

74.0 

I.138 

0 

1.138 

90.0 

-.083 


38.6 

1,510 

74.0 

•1.179 

0 

1.179 

50.0 


-.099 

38.6 

2,085 

74.0 

1.176 

0 

1.176 

5-0*0 


-.058 

38.6 

2,915 

74.0 

1.130 

0 

1.13© 

90.0 


-.109 

^9-5 

1,510 

0 

.334 

.931 

.989 

39.7 

-.158 


^9.5 

2,085 

0 

.300 

.935 

.983 

: 7.8 

-.215 


49-5 

2,915 

0 

.310 

.913 

.963 

: 8.8 

-.187 

-.242 

49.5 

1,510 

0 

.378 

.935 

1.008 

; 2.0 


49.5 

2,085 

0 

.359 

.856 

.928 

;2.7 


-.296 

49.5 

2,915 

0 

.309 

.891 

.943 

: 9.1 


-.262 

49.5 

1,510 

74.0 

1.106 

0 

1.106 

50.0 

-.208 


49.5 

2,085 

74.0 

1.050 

0 

1.050 

90.0 

-.105 


49.5 

2,915 

74.0 

1.094 

.006 

1.094 

« 9-7 

-.097 


49.5 

1,510 

74.0 

1.088 

0 

1.088 

<0.0 


-.102 

49.5 

2,085 

74.0 

1.109 

0 

1.109 

<0.0 


-.094 

49.5 

2,915 

74.0 

1.104 

0 

1.104 

80.0 


-.120 

28.5 

1,510 

0 

.500 

.849 

.985 

0.5 

-.174 


28.5 

2,085 

0 

.455 

.836 

.952 

; 8.6 

-.185 


28.3 

2,915 

0 

.426 

.847 

.949 

; 6.7 

-.195 

-.294 

28.5 

1,510 

0 

.469 

.845 

.967 

;9.i 


28.5 

2,085 

0 

.468 

.855 

.975 

; 8.7 


-.255 

28.5 

2,915 

! 0 

.448 

.847 

.958 

17.9 


-.252 

28.5 

1,510 

69.0 

1.082 

0 

1.082 

<0.0 

-.105 


28.5 

2,085 

69.0 

1.097 

0 

1.097 

!0.0 

-.122 


28.5 

2,915 

69.0 

1.114 

0 

1.114 

‘0.0 

-.129 


28.5 

1,510 

69.0 

1.086 

0 

1.086 

‘0.0 


-.120 

28.5 

2,085 

69.0 

1.097 

0 

1.097 

‘0.0 


-.141 

28.5 

2,915 

69.0 i 

I.O89 

0 

1.089 

*0.0 


-.145 

38.6 

1,510 

0 

.531 

.833 

.988 

>2.5 

-.249 


38.6 

2,085 ! 

0 

.518 

.827 

• 975 

2.1 

-.222 


38.6 

2,915 

0 

.482 

.808 

.941 

0.8 

-.245 

-.258 

38.6 

1,510 

0 

.544 

.827 

.989 

•3-3 


38.6 

2,085 

0 

.500 

.828 

.967 

,1.1 


-.259 

38.6 : 

2,915 

0 

.496 

.817 

.956 

>1.3 


-.257 

38.6 

1,510 

64.5 

1.082 

0 

1.082 

0.0 

-.131 


38.6 

2,085 

64.5 

1.093 

0 

1.093 

0.0 

-.115 


38.6 

2,915 

64.5 

1.102 

0 

1.102 

0.0 

-.148 

-.146 

38.6 

1,510 

64.5 

1.119 

0 

1.119 

0.0 


38.6 

2,085 

64.5 

1.094 

0 

1.094 

0.0 


-.186 

38.6 

2,915 

64.5 

1.092 

0 

1.092 

0.0 


-.167 

49.5 

1,510 

0 

.531 

.826 

.981 

>2.7 

-.251 


49.3 

2,085 

0 

.510 

.809 

.957 

>2.2 

-.219 


49.5 

2,915 

0 

.494 

.783 

• 925 

>2.3 

-.244 

-.278 

49.3 

1,510 

0 

.580 

.818 

1.004 

35-3 


49.3 

2,085 

0 

• 539 

.807 

• 970 

33-7 


-.304 

49.5 

2,915 

0 

.518 

.786 

.941 

^3.4 


-.299 
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TABLE III.- FORCE MEASUREMENTS AT z/D = 1,008 - Concluded 


} f,55 

6f,30 

n 

a 

L 

T 

F x 

T 

F 

T 

9 + a 

Stabilizer 

locked 

My 

TD 

Stabilizer 

free 

My 

TD 

59 A 

58.6 

1,510 

0 

0.562 

0.569 

0.800 

44.7 

-0.248 


59-4 

58.6 

2,085 

0 

.563 

.57 1 * 

.804 

44.5 

-.248 


59.it 

38.6 

2,915 

0 

.562 

•595 

.819 

45.4 

-.269 


59A 

38.6 

1,510 

0 

.587 

.608 

.844 

4 4.0 


-0.229 

59.it 

38.6 

2,085 

0 

.572 

.591 

.825 

44.0 


-.263 

59.it 

38.6 

2,915 

0 

.588 

.588 

.830 

45.1 


-.245 

59A 

38.6 

1,510 

58.2 

.941 

0 

.941 

50.0 

-.327 


59-it 

38.6 

2,085 

58.2 

• 9 i+9 

0 

.9*+9 

$0.0 

-.107 


59.it 

38.6 

2,915 

58.2 

.921 

0 

.921 

$3.0 

-.134 


59A 

38.6 

1,510 

58.2 

•955 

-.013 

.956 

$ L. 4 


-.085 

59. i* 

38.6 

2,085 

58.2 

-953 

-.012 

.953 

9). 7 


-.077 

59.it 

38.6 

2,915 

58.2 

• 9i+7 

-.012 

• 9*t7 

90.7 


-143 

59.it 

49-5 

1,510 

0 

•599 

• 57*+ 

.830 

46.2 

-.206 


59.it 

it9-5 

2,085 

0 

•557 

.556 

.787 

45.1 

-.278 


59A 

it9-5 

2,915 

0 

• 556 

• 558 

.787 

44.9 

-.254 


59-it 

49.5 

1,510 

0 

•579 

.568 

.811 

4o.6 


-.300 

59-it 

it9-5 

2,085 

0 

.569 

.583 

.815 

4+.3 


-.284 

59-it 

it9-5 

2,915 

0 

.563 

.564 

•797 

45.0 


-.290 

59-it 

i+9.5 

1,510 

57.8 

.886 

.012 

.886 

89.3 

-.117 


59-it 

it9-5 

2,085 

57.8 

.921 

.006 

.921 

80.6 

-.i07 


59-it 

i+9.5 

2,915 

57.8 

.904 

.003 

.904 

89.8 

-.127 


59A 

i+9.5 

1,510 

57.8 

.919 

0 

.919 

99.0 


-.093 

59-it 

i+9-5 

2,085 

! 57.8 

.890 

-.023 

.890 

9L.5 


-.149 

59-it 

i+9-5 

2,915 

57.8 

.897 

0 

.897 

90.0 


-*157 

69-3 

28.5 

1,510 

0 

! .520 

.580 

.781 

4l.7 

-.224 


69.3 

28.5 

2,085 

0 

.530 

.588 

.792 

42.0 

-.230 


69.3 

28.5 

2,915 

0 

.481 

•593 

.763 

39.1 

-.232 


69.3 

28.3 

1,510 

0 

I .550 

.590 

.807 

45.0 


-.273 

69.3 

28.5 

2,085 

0 

| .564 

.603 

.827 

45.0 


-.280 

69.3 

28.5 

2,915 

0 

| .557 

.589 

.797 

49.4 


-.282 

69.3 

28.5 

1,510 

58.8 

.901 

0 

.901 

99.0 

-.113 


69.3 

28.5 

2,085 

58.8 

.904 

0 

.904 

99.0 

-.118 


69.3 

28.5 

2,915 

58.8 

.911 

! 0 

.911 

99.0 

-.100 


69.3 

28.5 

1,510 

58.8 

.930 

0 

.930 
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Figure 1*- Conventions used to define positive sense of forces, moments, and angles. 




Figure 2.- Three- view sketch of model. All dimensions are in inches 
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Figure 5 .- Model on balance at z/D = 1.008. L-59-7989 
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Figure 4*- Model on balance at z/D = 2*425* Wing vertical. L-59-4896 
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Figure 10.- Left front load cell support assembly. L-59-7994 








